Reticulocyte hemoglobin content (CHr) is a direct measure of the iron reserves. The reliability of this indicator for assessing iron deficiency in ESRD patients has been confirmed by many authors. The importance of CHr emerges not only from the fact that it is a specific and sensitive indicator of iron deficiency, but also because it is easy to measure by hematology devices [6] . On the basis of published reports, it seems to be purposeful to include in the study the concentration of soluble transferrin receptor (sTfR) as an indicator which allows differentiation of iron deficiency. The number of transferrin receptors present in erythroblasts depends on iron reserves in the body and increases with iron deficiency. It has been confirmed that hemodialysis (HD) patients treated with erythropoiesis stimulating agents have higher sTfR serum concentration as a result of the release of receptors from the erythroblasts surface. The concentration of sTfR makes possible an assessment of the degree of erythropoiesis excitation, because increased sTfR expression correlates with the increase in the number of erythroblasts. Some authors suggest that the increase in sTfR concentration may be the first signal of iron deficiency in patients suffering from ERSD, even more significant than ferritin [7, 8] . The basic markers of anemia in dialysis patients are concentration of hemoglobin (Hb) and hematocrit (HCT) values. According to recommendations from the European Renal Association -European Dialysis and Transplant Association (ERA-EDTA), hemodialysis patients suffering from chronic kidney diseases should maintain target indicators of anemia at the following levels: Hb > 11 g/dL and HCT > 33%, or to reach the recommended concentrations during the 4 months from the beginning of renal substitution treatment. It is recommended that Hb concentration should not exceed 14 g/dL in these patients due to the risks associated with postdialysis blood compressing [9] . Inadequate production of erythropoietin (EPO) is the main reason of anemia in patients with chronic kidney disease [10] . EPO is involved in the regulation of erythropoiesis. In the bone marrow, EPO affects the proliferation of erythroid progenitor cells and enhances the production of red blood cells. Recombinant human EPO is analyzed as a treatment for anemia in oncology, kidney disease and heart failure [10, 11] .
The aim of the study was to evaluate the usefulness of determining the reticulocyte hemoglobin content (CHr) and serum concentration of soluble transferrin receptor in the detection of anemia caused by iron deficiency in comparison with the classic markers of iron circulation in serum in chronic dialysis patients with ESRD.
Material and Methods

Material
The analysis involved 66 sets of hematologic iron turnover rates (three consecutive sets performed every two months), in 24 male patients aged from 31 to 87 years (median 55 years). All patients underwent renal replacement therapy (mean time: 34 months). The control group consisted of 34 healthy males, first-time blood donors aged from 18 to 64 years (median 35 years).
All volunteers, in the regional Blood Donor Center in Katowice, had hematologic iron turnover rates assessed, due to the anticipated permanent blood donation. Only men were involved in this study because the objective of the research was to select as homogeneous an analyzed group as possible.
Hemodialysis sessions were performed for each patient three times a week with a HD Braun type Dialog device. Each treatment lasted 4 h on average. During dialysis, each patient received standard epoetinum alpha (Eprex) at a dose of 1500 IU (range 1000-2000 IU). Whole blood was collected into tubes containing an anticoagulant (EDTA K3). Serum was extracted from blood taken at the "clot" in a test tube with polypropylene pellets and a clotting accelerator (PPMA). After collection, within no more than 90 min, the blood was centrifuged for 10 min at 3000 rpm. Immediately after separation, the serum concentrations of Fe, UIBC, sTfR and CRP were measured. The same procedure was used for the determination of the morphological parameters of the blood, including the CHr. Hematology tests were conducted using an ADVIA 120 hematology analyzer (Bayer). An Integra 400 Plus biochemical analyzer (Roche Diagnostics) was used to assess the indexes of iron turnover (metabolism) rates in serum.
Statistical Analysis
The data in Table 1 was presented as mean ± standard deviation (SD). The distribution of variables was evaluated with the Shapiro-Wilk test. Homogeneity of variances was assessed with the Levene test. The study hypotheses were verified with the t-Student test for unpaired variables with normal distribution or with the U Mann-Whitney test for unpaired variables in the case of non-normal or skewed distribution. The choice of the best set of variables to assess the threat of anemia in dialyzed patients was made with stepwise backward discriminant analysis. The analysis included only those variables that were statistically significant and mutually independent in the univariate analysis. Based on the results of the discriminant anal-ysis, a classification (decision) tree for the assessment of the risk of anemia in patients undergoing dialysis was created.
Results
The dialyzed patients have significantly lower serum concentrations of hemoglobin, CHr, HCT, TSAT, Fe and TIBC and significantly higher serum concentrations of sTfR, ferritin and C-reactive protein compared to the control group ( Table 1) .
The discriminant analysis, taking into account the seven variables presented in Table 2 , showed that the hemoglobin concentration and iron, the concentration of CRP > 5 mg/L, as well as the concentrations of the soluble transferrin receptor, make it possible, with 98% sensitivity and 66% specificity, to classify the patients to the group with a high risk of the occurrence of anemia (variables that left in the step-wise backward analysis). A patient belongs to a class for which the classification function achieved a greater value.
Finally, the classification function is as follows (F > 0): F = 31.45 -4.31⋅HGB + 11.7log 10 (sTfR) + + 10⋅log(Fe) -3.24⋅CRP* Table 3 presents the confusion matrix, taking into account the classification function obtained. In order to fulfill the requirements of the discriminant analysis, Fe and sTfR were logarithmized.
Based on the results of the discriminant analysis and assuming the cut-off points recommended by the ERA-EDTA, we have proposed a scheme for assessing the risk of anemia, shown in Fig. 2 . The risk of anemia assessment based only on con- centration of hemoglobin and hematocrit yields 83% sensitivity and 100% specificity. After adding serum concentration of Fe to the model, sensitivity improved to 89% however specificity decreased to 94%. With the decision tree, we obtained 95% sensitivity and 100% specificity and a positive/negative predictive value of 100% and 92%, respectively.
Discussion
The major reasons for anemia in patients with chronic kidney disease are the reduction EPO production, chronic inflammation, shortened half-life of erythrocytes and iron deficiency [12, 13] . Intravenous iron is a valid element in the treatment of ESRD. Unfortunately, such therapy may increase the risk of infection through impairment of neutrophil and T-cell function and promotion of microbial growth [14] . A diagnosis of anemia is based on laboratory parameters such as: plasma iron, ferritin, sTfR, transferrin saturation, hepcidin and erythrocyte zinc protoporphyrin/heme ratio [15] . Fig. 1 . Classification of data using discriminant analysis on a plane (using the first two principal components) n -number.
Fig. 2. Diagram proposed for assessing the risk of anemia in hemodialyzed patients
Modern recommendations related to the methods of monitoring iron metabolism and treatment of anemia in patients chronically hemodialyzed due to renal failure who are treated with erythropoiesis stimulating agents should provide higher hemoglobin concentration, within the range of 11-12 g/dL and hematocrit values between 33% and 36%. All of these anemia indexes were analyzed according to their diagnostic usefulness, as recommended by the ERA-EDTA [9] .
As a result of that analysis, the concurrent validity parameters were assessed for reticulocyte hemoglobin content (CHr). In all results of the tests analyzed, only 1% of CHr assays had values below the standard, whereas in 89% of cases, reticulocyte hemoglobin content was not decreased. The calculations show that the accuracy of anemia diagnosis was 45% with an 83% chance to get a false negative result. These results undermine the usefulness of assessment of reticulocyte hemoglobin content in the detection of anemia in the case of hemodialyzed patents and are significantly different from the results obtained by Fishbane et al. [16] . Their research included patients who were intravenously treated with an iron preparation and were divided into two groups, in which the iron turnover was assessed according to the results of laboratory tests on the concentration of ferritin and transferrin saturation (first group) and reticulocyte hemoglobin content (second group). According to the authors of the research, the results obtained proved the greater usefulness of CHr assays as an index to measure iron metabolism during treatment with iron preparations and erythropoietin, when compared to the assessments of ferritin and TSAT. When comparing the concentration of ferritin, the percentile saturation of transferrin and the content of hemoglobin in reticulocytes, the authors found that the reticulocyte hemoglobin content allows for better estimation of a dose of medicine administered to the patients in order to stabilize their iron content management. Based on the results of their own studies, Fishbane et al. suggest assessing the reticulocyte hemoglobin content as a precise and reliable index which can help monitor intravenous therapy to supplement iron deficiency in chronically hemodialyzed patients [10] .
However, that conclusion seems to be not documented enough. While assessing the reticulocyte hemoglobin content, which is a cellular index, the authors assumed it to be sufficient to assess disturbances in the management of iron in the system. The test groups were not statistically significantly different at the time the tests were commenced, nor at the time they were finished. Standard deviation in both groups amounted to 1.8 and 1.7 pg, respectively, while the difference between median reticulocyte hemoglobin content was also not statistically significant and amounted to 1.0 pg. The study by Karagülle et al. demonstrates that CHr is a helpful parameter that can be safely used in the diagnosis of anemia [17] .
The results of research conducted by other authors confirm the usefulness of an assessment of soluble transferrin receptor in diagnosing iron deficiencies [18] [19] [20] [21] . Those authors recommend sTfR as a reliable index which makes it possible to assess the assimilability of iron during the treatment of its systemic deficiencies [19] . The usefulness of sTfR assessment in the identification of anemia type was confirmed by, among others, Tarng and Huang. Tarng and Huang studied changes in the concentration of the transferrin receptor in the plasma in the case of hemodialyzed patients treated with erythropoietin (EPO) [22] . The results of the assessment of that soluble receptor statistically significantly differentiated the group of people with anemia from the group treated with kidney replacements. Those authors confirmed that the sTfR index can prove useful in the assessment of the degree of excitation of erythropoiesis as a response to the treatment of anemia with erythropoietin. Moreover, the results suggest a close relation between the concentration of the soluble transferrin receptor and iron deficiency in the system [22] .
A study by Rubab et al. has shown that serum hepcidin provides useful information on the level and availability of iron during inflammation, compared to conventional markers of iron. Serum hepcidin level changes in patients with ESRD on HD. We should note that hepcidin regulates plasma iron. Hepcidin production is reduced in the presence of iron deficiency, hypoxia and ineffective erythropoiesis, while increased production is stimulated increased plasma and stored iron [12] .
In our own research, the concentration of iron in the serum proved to be the best individual diagnostic parameter if classic anemia indexes (HGB + HCT) are to be considered. The analysis of results by the discriminant method confirmed the high diagnostic value of hemoglobin concentration in the detection of anemia in chronically hemodialyzed patients. The HGB index proved to be statistically significant, whereas assessment of hematocrit values, mentioned in recommendations for the code of conduct in cases of patients with anemia and chronic kidney failure set by the EBPG, turned out to be statistically insignificant.
Application of the set of tests suggested in the paper allowed us to obtain an assessment of the risk of the occurrence of anemia in the case of chronically hemodialyzed patients with 95% sensitivity and 100% specificity, with a chance to obtain a falsely negative result amounting to 5% and a chance to obtain a falsely positive result amounting to 0%. The accuracy of diagnosis was 97%. The diagram confirms the disease with a positive predictive value (PPV) of approx. 100% and denies it with a negative predictive value (NPV) of 92%.
The suggested classification diagram has higher parameter values for diagnostic accuracy than the traditional method of anemia detection based only on the concentration of hemoglobin in blood (HGB) and hematocrit (HCT), as well as the test set based on the combination of HGB + HCT + Fe. No similar studies which assess the diagnostic usefulness of iron turnover indexes based on the method of stepwise backward discriminant analysis were found in the literature available to us.
Results by Sedlackowa et al. were similar to ours. Their study showed that iron, transferrin, albumin and hemoglobin were significantly lower in patients, and serum ferritin, sTfR, hepcidin, CRP and IL-6 were significantly higher in dialyzed patients compared to control healthy volunteers. There was a poor correlation between hepcidin, ferritin and CRP in hemodialyzed patients. It can be concluded that the influence of inflammation on hepcidin levels in hemodialyzed patients is not important and other factors including its retention and high iron stores in end-stage renal disease also participate [23] .
As is commonly known, anemia is a serious clinical and diagnostic problem, therefore the intense search for a universal, non-invasive algorithm of laboratory tests to discover its causes continues. It seems that limiting the number and types of necessary descriptive variables will make it possible to make concise assumptions for the interpretation of those results (the statistical model) in both detection of anemia and monitoring the advances in its treatment. The standard of morphological and biochemical indexes currently used may not reflect the actual state of iron resources due to the influence of inflammatory processes and other factors.
The set of tests suggested in this paper includes concentrations of the following: hemoglobin, iron, C-reactive protein and soluble transferrin receptor. A set of data obtained with the use of classifying differential equations and based on the results of an assessment of each element of the test set makes it possible to obtain high sensitivity and diagnostic specificity, as well as accuracy of the diagnosis superior to that obtained with the use of traditional diagnostic methods, in order to classify the examined patients.
To sum up, the highest diagnostic value has been demonstrated for the concentrations of hemoglobin (HGB), soluble transferrin receptor (sTfR), iron in the serum (Fe) and C-reactive protein (CRP). Moreover, determining the concentration of soluble transferrin receptor confirmed its high diagnostic value in the detection of iron deficiency anemia in patients undergoing dialysis for chronic end-stage renal failure in comparison to the conventional rates of rotation of iron in serum.
